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Stratification Reduction Techniques," 
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Corporation for the George C. Marshall Space Flight Center 
of the National Aeronautics and Space Administration. The 
program was conducted under the technical direction' of 
Mr. T. W. Winstead of the MSFC Propulsion and Vehicle 
Engineering Laboratory. 
of this study is gratefully acknowledged, 
The study was per- 
His assistance in the performance 
The final report consists of two vohmes: 
Volume I. Mixer Design and 
Experimental Investigations 
Volume 11. Experimental Data 
Volume I contains a presentation of the experimental and 
mixer design investigations, together with a summary of the 
important findings of the study. 
presentation of the experimental data utilized in the study. 
Volume I1 contains a 
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S E C T I O N  1 
I N T R O D U C T I O N  
This volume of t h e  f i n a l  report  contains the data u t i -  
l i zed  from the open-and closed-tank tests conducted during 
t h i s  study. Ttre purpose of documenting these data is t o  (1) 
provide the detai led t e s t  data from which the correlat ions 
i n  Volume I were obtained, and (2) furnish data for fur ther  
analyses as required. 
The data presented are i n  the form of tabular summaries 
of test conditions and graphical representations of the t e s t  
r e su l t s  i n  both basic and dimensionless form. The data are 
divided in to  two sections. The f i r s t  section presents the  
r e su l t s  of 58 open-tank tests (non-pressurized). The second 
section contains the r e su l t s  of 20 closed-tank tests (pres- 
surized). 
Data for the open tank tests consis t  of jet-motion and 
jet-mixing data. 
measurements of t h e  j e t  posit ion i n  the tank as revealed by 
blue dye i n  the je t .  
pictures of the various tests. The j e t  mixing data consis ts  
of dye posit ion and temperature measurements. 
dye measurements were a l so  obtained from motion pictures 
The j e t  motion data resulted from visual 
These measurements were made from motion 
The j e t  mixing 
made during the tests. The dye data are presented as a 
1 
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function of time versus dye level in the tank and in dimen- 
sionless form as a ratio of the dye level to the water level 
above the nozzle. Open tank temperature data presented con- 
sists of the surface and bottom temperatures as a function 
of time and the temperature difference between the surface 
temperature and the mean temperature and the difference 
between the mean temperature and the mean initial temperature 
versus time. In addition, temperature distributions in the 
tank with time as a parameter are also shown for some tests. 
Dimensionless temperature ratios, (Ts-Tb) /(Ts-Tb) i and 
(Ts-T&/(Ts-T&i, are shown as a function of V, Do 01/ Dt. 
The energy integral, Im , is shown as a function of VoDoO/Dt, 
2 
2 
Closed tank temperature data is presented in much the 
same manner. There is no dye data for the closed tank tests. 
In addition to the temperature data, pressure histories dur- 
ing closed tank tests are shown as pressure versus time and 
2 as a dimensionless pressure ratio AP/ A Pi versus VoDoO~/Dt, 
Each figure is identified by a test and run number. 
These are shmn for the convenience of the program personnel 
in order to allow convenient reference to the original strip 
charts and computer printouts from which.the data shown in 
this volume were taken. The test number refers to the number 
assigned to the particular test conditions in the original 
matrix. The run number refers to the sequence in which the 
2 
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tests were actually run. 
number of runs and run and test numbers are due to (1) dele- 
tion of some tests of marginal interest in the test matrix 
because of previous work, (2) elimination of runs intended 
for system checkout purpose and (3) elimination of runs in 
which the data was of limited usefulness due to test pro- 
cedural difficulties or data acquisition problems. 
The discrepancies between the total 
The methods of correlation are discussed in Section 2 
of Volume I of the annual report. 
figures and tables are generally self-explanatory or easily 
identified in the nomenclature. Most of the dimensionless 
data shown in the figure are given in terms of an initial 
temperature, pressure, or dye level condition. This infor- 
mation plus values of temperature, pressure, and dye level 
given as a function of time will allow ready calculation 
of the dimensionless values for other than initial condi- 
tions . 
The notations used in the 
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2 . 1  JET MOTION DATA 
The following j e t  motion data was obtained visual ly  from film 
data of an ax ia l  j e t  moving up t o  the liquid/vapor interface 
as shown in the sketch below. 
Liquid/Vapor 
Interface 
Time After 
Jet  Turned 
on 
(see) 
0 
,- -- ---- - -  
e2 
Q3 
Axial J e t  
Axial Distance 
Above Nozzle 
(in.)  
0 
A correlat ion of the data shown i n  the following figures yields 
the time required fo r  the j e t  t o  reach the l iquid surface for  
various zb/Dt r a t io s .  
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Figure 2.1-1 Axial Jet Motion After Pump 
Turned On: Test 135, Run 39 
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Figure 2.1-2 Axial Jet Motion After Pump Turned 
On: Test 137, Run 37 
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Figure 2.1-3 Axial Jet Motion After Pump Turned On: 
Test 137, Run 38 
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Figure 2.1-5 Axial Jet Motion After Ptnnp Turned 
On: Test 158 
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Figure 2.1-6 Axial Jet Motion After Pump Turned 
On: Test 8, Run 54 
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Figure 2.1-7 Axial Jet Motion After Pump 
Turned On: J P 1  
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Figure 2.1-8 Axial Jet Motion A f t e r  Pump Turned 
On: Test JP 2 
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2.2 . JET MIXING DATA 
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Figure 2.2-3 Temperature Distribution for Axial 
Jet Flow: T e s t  1, Run 48 
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Figure 2.2-6 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8=0.0 sec; Surface Temp.Drops 
at 814.0 sei=): Test I, Run 48 
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Figure 2.2-12 Temperature Distribution for Axial 
Jet Flow: Test 3, Run 49 
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Figure 2.2-15 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 810.0 see; Surface Temp.Drops 
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Axial Distance from Tank Bottom, in. 
Figure 2.2-20 Temperature Distribution for Axial 
Jet Flow: Test 5, Run 50 
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Figure 2.2-28 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 84.0 sec; Surface Temp.Drops 
at 914.0 set): T e s t  6 ,  Run 5 1  
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Figure 2.2-37 Temperature Distribution for Axial 
Jet Flow: Test 9, Run 55 
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Figure 2.2-40 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8mO.O sec; Surface Temp.Drops 
at 8 1 4 . 0  sec) : Test 9, Run 55 
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Figure 2.2-47 Temperature Distribution for  Axial 
Jet Flow: Test 14, Run 56 
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Figure 2.2-50 Fraction of Init ial  Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at  8-0.0 sec; Surface Temp.Drop8 
at  0 1 4 . 0  sec): Test 14, Run 56 
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Figure 2.2-5 Temperature Distribution for Axial 
Jet Flow: T e s t  19, Run 61 
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Figure 2.2-59 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 84.0 sec; Surface Temp.Drops 
at 814 .0  sec): Test 19, Run 61 
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Jet Flow: Test 24, Run 7 1  
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Figure 2.2-67 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 84.0 sec; Surface Temp.Drops 
at 81-0.0 sec): Test 24, Run 71 
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Figure 2.2-71 Temperature Distribution for Axial 
Jet Flow: T e s t  27, Run 74 
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Figure 2,2074 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8=0.0 sec; Surface Temp.Drops 
at 8 1 4 . 0  sec): Test 2 7 ,  Run 74 
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Figure 2.2-82 Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump dn at 810.0 sec; Surface Temp.Drops 
at 81"0.0 sec): Test 2 9 ,  Run 66 
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Figure 2.2-90Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8=0.0 sec; Surface Temp.Drops 
at 8yO.O sec): Test 31, Run 67 
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Figure 2.2-94Fraction of Initial  Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 810.0 sec; Surface Temp.Drops 
at 814.0 sec): T e s t  32, Run 69 
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Figure 2.2-98Temperature Distribution for Axial 
Jet Flow: Test 33, Run 70 
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Figure 2.2-101Fraction of Initial Temperature Difference 
After Surface Temperature Starts to Drop 
(Pump on at 8=0.0 sec; Surface Temp.Drops 
at 8 1 4 . 0  sec): T e s t  33, Run 70 
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Figure 2.2-103 Temperature Distribution for Axial 
Jet Flow: T e s t  35, Run 76 
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Figure 2.2-106 Fraction of Initial  Temperature Difference 
After Surface Temperature Starts to Drop 
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Figure 3.0-2 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 see; Ullage Pressure 
Drops at Q1=0.O sec) : Test 12, Run 6 
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Figure 3.0-5 Fraction of I n i t i a l  Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 see; Ullage Pressure 
Drops at 4l1=0.O sec): Test 12, Run 6 
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Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 0=0,0 sec; Ullage Pressure 
Drops at e1=O.o sec): Test 12, Run 7 
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Figure 3.0-11 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 9=0.0 sec; Ullage Pressure 
Drops at O1=O.O sec): Test 12, 7 
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Figure 3.0-14 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 sec; Ullage Pressure 
Drops at Q1=0.O sec): Test 12, Run 8 
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Figure 3.0-17 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 9~0.0 see; Ullage Pressure 
Drops at 81-0.0 sec) : Test 12, Run 8 
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Figure 3.0-20 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8 4 . 0  sec; Ullage Pressure 
Drops at 81=o.o Sec): Test 12, Run 9 
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Figure 3.0-23 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 0=0.0 sec; Ullage Pressure 
Drops at e1=0.O sec) :  est 13, Run 9 
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Figure 3.0-26 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 see; Ullage Pressure 
Drops at Q1=O.O sec): Test 12, Run 11 
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Figure 3.0-29 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 sec; Ullage Pressure 
Drops at 81=o.0 sec): Test 1 2 ,  Run 11 
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Figure 3.0-32 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 sec; Ullage Pressure 
Drops at Q1=0.O sec): Test 13, Run 14 
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Figure 3.0-35 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 0~0.0 sec; Ullage Pressure 
Drops at eL=O.O sec): Test 13, Run 14 
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Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 sec; Ullage Pressure 
Drops at Q1=O.O sec): Test 13, Run 15 
Figure 3.0-38 
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Figure 3.0-41 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on a t  8-0.0 sec; Ullage Pressure 
Drops at  81=0.0 sec): T e s t  1 3 ,  Run 15 
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Figure 3.0-44 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 84.0 sec; Ullage Pressure 
Drops at G1=O.0 SeC) : Test 13, Run 17 
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Figure 3.0-47 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 see; Ullage Pressure 
Drops at Q1=0.O sec): Test 13, Run 17 
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Figure 3.0-5 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8==Q.Q sec; Ullage Pressure 
l=Q.O sec): Test 13, Run 18 
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Figure 3.0-53 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at Q=O,O see; Ullage Pressure 
Drops at Q1=0.O sec): Test 13, Run 18 
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Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 84.0 sec; Ullage Pressure 
Drops at Q1=0.O sec): T e s t  1 3 ,  Run 19 
Figure 3.0-56 
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Figure 3.0 - 59 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 0=0.0 sec; Ullage Pressure 
Drops at e1=0.O sec): Test 13, Run 19 
257 
AL DYNAMIC5 
Fort Worth Division 
cn 
rl 
QD 
0 
3 
"I 
.. 
d 
cd 
k 
M 
Q) 
U c 
H 
h 
M 
k 
Q) c w 
U 
E 
Q) 
4 
(II 
E cd 
k 
E-r 
0 
I 
0 
Cr) 
. 
258 
GENERAL PY ICs 
Fort Worth Division 
259 
GENERAL DYNAMICS 
Fort Worth Division 
10'1 
10'2 
0 S 10 15 20 
Figure 3.0-62 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 see; Ullage Pressure 
Drops at e1-0.O sec): Test 14, Run 20 
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Figure 3.0-65 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at $=O.O sec; Ullage Pressure 
Drops at 814.0 sec): Test 14, Run 20 
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Figure 3.0-68 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 830.0 sec; Ullage Pressure 
Drops at 81=o.0 See): Test 14, Run 21 
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Figure 3.0-71 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 810.0 see; Ullage Pressure 
Drops at 814.0 see): Test 14, Run 21 
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Figure 3.0-74 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 9IPO.Q sec; Ullage Pressure 
Drops at B1=Q.Q sec): T e s t  15, Run 22 
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Figure 3.0-77 Fraction of In i t i a l  Temperature Difference 
After Ullage Pressure Starts t o  Drop 
(Pump on a t  8~0.0 sec; Ullage Pressure 
Drops a t  Bl=0.O sec): T e s t  15 ,  Run 22 
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Figure 3.0-80 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 9=0.0 sec; Ullage Pressure 
Drops at Q1=0.O sec): Test 15, Run 23 
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Figure 3.0-83 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 see; Ullage Pressure 
Drops at €ll=O.O sec) : T e s t  15, Run 23 
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Figure 300-86 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 sec; Ullage Pressure 
Drops at 9 0 . 0  sec): T e s t  1 5 ,  Run 24 
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Figure 3e0-88 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 0-0.0 sec; Ullage Pressure 
Drops at Q1=0.O sec): Test 15, Run 24 
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Figure 3,0-91 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8 4 , O  sec; Ullage Pressure 
Drops at 8 1 4 . 0  sec): T e s t  15, Run 25 
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Figure 3.0-94 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump OR at 8-0.0 see; Ullage Pressure 
Drops at 91=0.0 see) : T e s t  15, Run 25 
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Figure 3.0-97 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 sec; Ullage Pressure 
Drops at 81=0.0 set): Test 15, Run 26 
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Figure 3.0-100 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 sec; Ullage Pressure 
Drops at Q1'O.O sec): Test 15, Run 26 
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FiGre 3.0-103 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 see; Ullage Pressure 
Drops at 81=0.0 sec): Test 16, Run 28 
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Figure 3.0-106 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8=0.0 sec; Ullage Pressure 
Drops at Q1=0.O sec): Test 16, Run 28 
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Figure  3.0-109 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8-0.0 sec; Ullage Pressure 
Drops at @I= 0.0 see): Test 16, Run 29 
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Figure 3.0-112 Fraction of I n i t i a l  Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on a t  8=0.0 sec; Ullage Pressure 
Drops a t  6l1=0.O sec):  T e s t  16,  Run 29 
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Figure 3.0 - 115 Fraction of Initial Pressure Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 8pO.O sec; Ullage Pressure 
Drops at 81-o.0 sec): T e s t  1 6 ,  Run 30 
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Figure 3.0 - 118 Fraction of Initial Temperature Difference 
After Ullage Pressure Starts to Drop 
(Pump on at 820.0 sec; Ullage Pressure 
Drops at e1=0.O sec): T e s t  16, Run 30 
316 
d 
GENERAL DVNAMICS 
Fort Worth Division 
0 d 
"I 
d d 
317 
GENERAL DYNAMICS 
Fort Worth Division 
P. 0. Box 748 
Fort Worth, Texas 76101 
